Determinants of methicillin-resistant Staphylococcus aureus carriage in nursing homes
SIR-Methicillin-resistant Staphylococcus aureus (MRSA) colonization and infections in nursing homes residents constitute an increasing problem for case management and infection control. Results of previous studies of risk factors of MRSA carriage in nursing home residents were often inconclusive because of limited sample size. In Belgium, a MRSA carriage prevalence of 7.1% was found in one large nursing home (N = 449) [1] . After six months, these patients had a statistically significant excess mortality (relative risk 2.29 (95% CI = 1.04-5.04)), that could not be explained by a number of possible co-variables [16] . In order to better document recommendations for MRSA prevention in nursing homes, we conducted a large scale multi-centre study in order to estimate MRSA carriage prevalence and its determinants in nursing home residents.
Methods
From April to June 2000, a cross-sectional study was carried out in 2,908 out of 3,121 residents of 24 nursing homes (11 public, 13 private, all non-profit) evenly spread over northern Belgium. In each home, all residents were sampled on the same day by the local nursing staff. Screening samples were obtained from nose and perineum, clinical samples from wounds if present and urine culture in case of urinary catheters. They were incubated together. Samples were enriched in a salt broth (7.5%) with Polymyxin B 10 mg/l. After overnight incubation, inoculation was performed on mannitol salt agar for S.aureus and on Oxacillin screenplate (6 mg/l) for MRSA isolation. Antimicrobial susceptibility testing was done following the guidelines of the National Committee for Clinical Laboratory Standards. Methicillin resistance was confirmed by the presence of the mecA gene. No genotyping was performed.
A MRSA carrier was defined as any nursing home resident with a positive culture of a MRSA-strain from nose, perineum or clinical sample.
The potential determinants of MRSA carriage recorded for each resident are listed in Appendix 1 (available on the journal's website at http://ageing.oxfordjournals.org). Comorbidity was studied using the Charlson's co-morbidity index [3] , as well as each of the conditions included in this index separately (such as systemic disease and recidivating urinary infections). Data were analysed using Stata statistical software version 7.0. A two-tailed P-value of 0.05 was chosen as the cut-off point for statistical significance. The sample size was calculated at 2,850 to enable the detection of a statistically significant risk ratio of 1.5 or more with a power of 90%, based on a prevalence of MRSA of 7% in the patients without and 10.5% in those with the risk factor. Odds Ratios (OR) of determinants of MRSA carriage with their 95% CI were adjusted for the effect of the institution (nursing home) by using a random-effects logit model.
The study was approved by the ethical review board of the medical school of the Catholic University of Leuven.
Results
A total of 2,908 inhabitants of 24 nursing homes were included (range: 50-242, median 118 per home).
The mean age was 84 years (range 36-105). Men represented 24% of the study population.
The number (%) of residents with MRSA was 136 (4.7%; 95% CI 3.9-5.5, ranging from 0% to 12.5%) (Appendix 2 available on the journal's website at http://ageing.oxfordjournals.org). Oxacillin resistance was found in 136/700 S.aureus isolates, yielding a percentage resistance (MRSA per 100 SA isolates) of 19.4% (range 0-73.3%). One hundred and twenty-four MRSA strains were isolated from screening samples (nose and perineum), 8 from clinical samples alone (e.g. wounds) and 4 from both. Three institutions were free of MRSA carriers (Appendix 2 available on the journal's website at http://ageing.oxfordjournals.org). MRSA strains from the same nursing home were more likely to show the same antibiogram (P<0.001) ( Table 1) . In high prevalence institutions (≥5.0%), 78% of the MRSA strains showed the same antibiogram, in low prevalence institutions this percentage was 58%.
A full bivariate analysis including results for all recorded variables is presented in Appendix 1 (available on the journal's website at http://ageing.oxfordjournals.org). Significant results are given in Table 2 .
In multivariate analysis (Table 2) hospital admission in a surgical department, antibiotic use (fluoroquinolones, nitrofuran derivates), more than two beds per room, patient mobility, presence of a urinary catheter, presence of a pressure sore, being in the nursing home for 1-4 years and systemic disease were all independently associated with MRSA carriage.
In a separate analysis of residents living in a room with two or more beds, colonisation risk when an MRSA carrier was present in the same room was 5.6 times higher (8/34) than in rooms in which all roommates were free of MRSA (44/1046) (OR 7.0; 2.6-17.0).
Discussion

Main findings
The prevalence of MRSA carriage in our study was 4.7% and was modulated by three mechanisms: selection of resistant strains through antibiotic use, transmission from the hospital and cross-contamination in the nursing home.
Study strengths
With 2,908 residents and 24 nursing homes, our study is one of the larger MRSA prevalence studies in nursing homes in Europe. Although the population was not intended to be fully representative for all Flemish nursing homes, homes from all regions and types were included. They collaborated on their own free will and may therefore be a selection of the total. On the other hand, they did not volunteer, but were asked to join. Of all invited institutes 11 refused. Within the collaborating homes, both recruitment rate and data collection were very high.
Weaknesses
Previous MRSA carriage was not recorded as a risk factor in our study. This risk factor might have proved the strongest of all and it is likely that it would have affected the overall multivariate analysis. Furthermore, structural characteristics of the nursing homes and infection control practices were recorded, but there were too many missing data to include these variables in the analysis. Finally, given the lack of typing data, clustering of strains within nursing homes was examined using antibiogram data only.
Relation to other studies
The prevalence of MRSA carriage of 4.7% was similar to the 4.9% prevalence found in a similar group of nursing homes in 1997 [4] , lower or similar than that found in different studies in the UK or the US and higher than in Germany or in the Netherlands [2, 5, 6, 12] .
Fluoroquinolones have been reported to be associated with MRSA [7] [8] [9] , through elimination of the commensal flora and colonisation by nosocomial pathogens including MRSA, or by the selection of subpopulations of methicillinresistant strains. As reported previously in a nursing home setting [10] , co-resistance to ofloxacin of MRSA strains in our study was high (89% compared to only 15% of the methicillin-susceptible Staphylococcus aureus strains).
Hospital admission during the last 12 months, especially in surgical wards, was related to MRSA carriage, which is in accordance with other reports [5, 11, 12, 13] . The increased risk of patients admitted since less than 1 year to the nursing home, also described elsewhere [13, 15] , may also indicate a recent hospital stay before admission to the nursing home. Finally, a number of findings in our study pointed towards cross-contamination of MRSA in the nursing home: higher prevalence in multi-beds rooms, the significant clustering of antimicrobial phenotypes in nursing homes [14] and a higher risk to be an MRSA carrier when the roommate was MRSA positive. Also the association with variables related to increased need of care such as impaired mobility and the presence of a urinary catheter suggest that nurses may be instrumental in spreading MRSA from one patient to another. Previous studies also found significant associations with impaired mobility [12, 15] and presence of a urinary catheter [12] . The associations with nitrofuran use and systemic disease could not be linked to previous findings.
Implications
Most risk factors can be translated into preventive measures and were addressed in recent nursing home specific guidelines in Belgium, with an important focus on hand disinfection, the cornerstone of infection control. Moving to a separate room should be proposed to patients spreading MRSA in the environment (e.g. productive cough), but without stigmatising the patient, since this may have important social consequences within the nursing home. MRSA status of residents returning from the hospital should be determined if a transfer document indicating the MRSA status at hospital discharge is missing. Finally, antibiotics prescriptions can be regulated through guidelines commonly accepted by the physicians working in nursing homes.
Unanswered questions
Future studies should further elucidate the dynamics of acquisition of MRSA and look at the consequences of MRSA carriage in nursing home residents. Intervention trials should address the effectiveness and feasibility of MRSA control measures such as widespread use of hand alcohol rubs, 'isolation' and cohorting of MRSA positive residents, screening and surveillance, rationalization of antibiotic use as well as mechanisms to improve compliance with these measures in a residential setting.
Key points
• Prevalence of MRSA carriage in nursing homes is modulated by a combination of selection of resistant strains through antibiotic use, transmission from the hospital and cross-contamination in the nursing home.
• Co-resistance to ofloxacin of MRSA strains in our study was high.
• Most risk factors that are described in this study and elsewhere can be translated into preventive measures, with an important focus on hand disinfection.
• Intervention trials should address the effectiveness and feasibility of MRSA control measures, as well as mechanisms to improve compliance with these measures in a residential setting.
